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unscheduled portion and by sending a respective timing
adjustment (TA) command if needed to each respective UE in
the unscheduled portion in response to a respective sync-RS
received from each UE in the unscheduled portion.
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UPLINK SYNCHRONIZATION
MAINTENANCE PRINCIPLES IN WIRELESS
NETWORKS

CLAIM OF PRIORITY UNDER 35 U.S.C. 119(a)

The present application is a continuation of application Ser.
No. 12/111,810 filed Apr. 29, 2008 now U.S. Pat. No. 8,218,
526, which claims priority to and incorporates by reference
European Patent Application No. 07290536.7, filed on Apr.
30, 2007, entitled “Uplink Synchronization Maintenance
Principles in Wireless Networks”.

FIELD OF THE INVENTION

This invention generally relates to wireless cellular com-
munication, and in particular to use of a contention-free
scheduling request channel in orthogonal and single carrier
frequency division multiple access (OFDMA) (SC-FDMA)
systems.

BACKGROUND OF THE INVENTION

Wireless cellular communication networks incorporate a
number of mobile UEs and a number of NodeBs. A NodeB is
generally a fixed station, and may also be called a base trans-
ceiver system (BTS), an access point (AP), a base station
(BS), or some other equivalent terminology. As improve-
ments of networks are made, the NodeB functionality
evolves, so a NodeB is sometimes also referred to as an
evolved NodeB (eNB). In general, NodeB hardware, when
deployed, is fixed and stationary, while the UE hardware is
portable.

In contrast to NodeB, the mobile UE can comprise portable
hardware. User equipment (UE), also commonly referred to
as a terminal or a mobile station, may be fixed or mobile
device and may be a wireless device, a cellular phone, a
personal digital assistant (PDA), a wireless modem card, and
so on. Uplink communication (UL) refers to a communica-
tion from the mobile UE to the NodeB, whereas downlink
(DL) refers to communication from the NodeB to the mobile
UE. Each NodeB contains radio frequency transmitter(s) and
the receiver(s) used to communicate directly with the
mobiles, which move freely around it. Similarly, each mobile
UE contains radio frequency transmitter(s) and the
receiver(s) used to communicate directly with the NodeB. In
cellular networks, the mobiles cannot communicate directly
with each other but have to communicate with the NodeB.

Long Term Evolution (LTE) wireless networks, also
known as Evolved Universal Terrestrial Radio Access Net-
work (E-UTRAN), are being standardized by the 3GPP work-
ing groups (WG). OFDMA and SC-FDMA (single carrier
FDMA) access schemes were chosen for the down-link (DL)
and up-link (UL) of E-UTRAN, respectively. Without loss of
generality, OFDMA and SC-FDMA symbols are hereafter
referred to as “OFDM symbol”. User Equipments (UE’s) are
time and frequency multiplexed on a physical uplink shared
channel (PUSCH), and a fine time and frequency synchroni-
zation between UE’s guarantees optimal intra-cell orthogo-
nality. The UE autonomously maintains its DL synchroniza-
tion from well known DL synchronization signals
broadcasted by the Base Station. UL synchronization
requires Base Station involvement. In case the UE is not UL
synchronized, it uses a Physical non-synchronized Random
Access Channel (TRACH), and the Base Station (also
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2

referred to as eNodeB) provides back some allocated UL
resource and timing advance information to allow the UE
transmitting on the PUSCH.

Orthogonal Frequency Division Multiple Access
(OFDMA) is a multi-user version of the popular Orthogonal
Frequency-Division Multiplexing (OFDM) digital modula-
tion scheme. Multiple access is achieved in OFDMA by
assigning subsets of sub-carriers to individual users. This
allows simultaneous low data rate transmission from several
users. Based on feedback information about the channel con-
ditions, adaptive user-to-sub-carrier assignment can be
achieved. If the assignment is done sufficiently fast, this fur-
ther improves the OFDM robustness to fast fading and nar-
row-band co-channel interference, and makes it possible to
achieve even better system spectral efficiency. Different num-
ber of sub-carriers can be assigned to different users, in view
to support differentiated Quality of Service (QoS), i.e. to
control the data rate and error probability individually for
each user

Control information bits are transmitted, for example, in
the uplink (UL), for several purposes. For instance, Downlink
Hybrid Automatic Repeat ReQuest (HARQ) requires at least
one bit of ACK/NACK transmitted information in the uplink,
indicating successful or failed circular redundancy check(s)
(CRQC). Furthermore, an indicator of downlink channel qual-
ity (CQI) needs to be transmitted in the uplink to support
mobile UE scheduling in the downlink. While CQI may be
transmitted based on a periodic or triggered mechanism, the
ACK/NACK needs to be transmitted in a timely manner to
support the HARQ operation. Note that ACK/NACK is some-
times denoted as ACKNAK or just simply ACK, or any other
equivalent term. As seen from this example, some elements of
the control information should be provided additional protec-
tion, when compared with other information. For instance,
the ACKNACK information is typically required to be highly
reliable in order to support an appropriate and accurate
HARQ operation. This uplink control information is typically
transmitted using the physical uplink control channel
(PUCCH), as defined by the 3GPP working groups (WG), for
evolved universal terrestrial radio access (EUTRA). The
EUTRA is sometimes also referred to as 3GPP long-term
evolution (3GPP LTE). The structure of the PUCCH is
designed to provide sufficiently high transmission reliability.

In addition to PUCCH, the EUTRA standard also defines a
physical uplink shared channel (PUSCH), intended for trans-
mission of uplink user data. The Physical Uplink Shared
Channel (PUSCH) can be dynamically scheduled. This
means that time-frequency resources of PUSCH are re-allo-
cated every sub-frame. This (re)allocation is communicated
to the mobile UE using the Physical Downlink Control Chan-
nel (PDCCH). Alternatively, resources of the PUSCH can be
allocated semi-statically, via the mechanism of persistent
scheduling. Thus, any given time-frequency PUSCH
resource can possibly be used by any mobile UE, depending
on the scheduler allocation. Physical Uplink Control Channel
(PUCCRH) is different than the PUSCH, and the PUCCH is
used for transmission of uplink control information (UCI).
Frequency resources which are allocated for PUCCH are
found at the two extreme edges of the uplink frequency spec-
trum. In contrast, frequency resources which are used for
PUSCH are in between. Since PUSCH is designed for trans-
mission of user data, re-transmissions are possible, and
PUSCH s expected to be generally scheduled with less stand-
alone sub-frame reliability than PUCCH. The general opera-
tion of the physical channels are described in the EUTRA
specifications, for example: “3GPP TS 36.3211 v8.2.0, 37
Generation Partnership Project; Technical Specification
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Group Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modulation
(Release 8).”

A reference signal (RS) is a pre-defined signal, pre-known
to both transmitter and receiver. The RS can generally be
thought of as deterministic from the perspective of both trans-
mitter and receiver. The RS is typically transmitted in order
for the receiver to estimate the signal propagation medium.
This process is also known as “channel estimation.” Thus, an
RS can be transmitted to facilitate channel estimation. Upon
deriving channel estimates, these estimates are used for
demodulation of transmitted information. This type of RS is
sometimes referred to as De-Modulation RS or DM RS. Note
that RS can also be transmitted for other purposes, such as
channel sounding (SRS) in support of UL frequency selective
scheduling and/or link adaptation. In that case it typically
occupies a wider bandwidth than the DM RS, confined to the
UE’s scheduled data bandwidth, and plays the same rote, for
the UL, as the aforementioned CQI report plays for the DL.
Asaresult, such UL RS is also referred to as the CQI-RS. Also
note that the Reference Signal (RS) can be sometimes called
the pilot signal, or the training signal, or any other equivalent
term.

BRIEF DESCRIPTION OF THE DRAWINGS

Particular embodiments in accordance with the invention
will now be described, by way of example only, and with
reference to the accompanying drawings:

FIG. 1 is a pictorial of an illustrative telecommunications
network that supports transmission of sync-RS symbols for
maintaining synchronization of non-scheduled UE;

FIG. 2 is a plot illustrating typical timing adjustment peri-
ods corresponding to various error sources based on speed of
the UE within the cell;

FIG. 3A is a frequency vs time plot illustrating a sequence
of sub-frames that may contain periodic sync-RSs multi-
plexed in a specific OFDM symbol, used for synchronization
of non-scheduled UEs;

FIG. 3B is a frequency vs time plot illustrating a sequence
of sub-frames that may contain periodic sync-RSs, used for
synchronization of non-scheduled UEs, multiplexed with
other UEs” CQI-RSs in a generic SRS OFDM symbol;

FIG. 4 is a flow diagram illustrating use of sync-RS for
maintaining synchronization of non-scheduled UE;

FIG. 5 is plotillustrating overhead resulting from the use of
the random access channel versus speed of the UE to send TA
requests for various numbers of UE;

FIG. 6 is a ping-pong chart illustrating an SRI-based TA
request procedure;

FIG. 7A is a plot illustrating overhead resulting from the
SRI-based TA request procedure of FIG. 6;

FIG. 7B is a plot illustrating overhead resulting from the
SRI with contention-based SRS TA request procedure;

FIG. 8 is a block diagram of an illustrative transmitter for
transmitting a synch-RS;

FIG. 9 is a block diagram of a Node B and a User Equip-
ment for use in the network system of FIG. 1; and

FIG. 10 is a block diagram of a cellular phone for use in the
network of FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Each user device, also referred to as user equipment (UE),
in the uplink synchronized state is allocated uplink resources
of a base-station and is assigned, on top of its radio resource
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4

control/medium access control (RRC/MAC) 16-bit identifier
(C-RNTI), a unique uplink physical layer identifier to tem-
porarily ensure non-contentious uplink transmissions via a
shared communication channel or a scheduling request chan-
nel. The group of user devices in the uplink non-synchronized
state are not assigned any additional physical layer identifier
and thus the total number of bits needed for the uplink physi-
cal layer identifier in the uplink synchronized state can be
reduced to improve efficiency of the control signaling
scheme. In at least some embodiments, each user device in the
uplink non-synchronized state can monitor and receive down-
link transmissions but cannot send uplink transmissions until
successfully requesting uplink resources and uplink synchro-
nization from the base-station. The uplink synchronized state
is hereafter referred to as a “synchronized state” and the
uplink non-synchronized state is hereafter referred to as a
“non-synchronized state” or “out of sync” and applies to the
uplink only. Also, the unique uplink physical layer identifier
is hereafter referred to as a “reduced identifier” or a “unique
identifier”. Thus, it should be noted that embodiments
described by these terms are not limited to uplink synchroni-
zation or to unique uplink physical layer identifiers. When a
UE enters a cell and establishes contact with the base station
serving that cell, it is placed in a “connected” mode and kept
track of while it remains active in the cell.

UL synchronization maintenance is generally performed
through the regular UL scheduled transmissions for UEs with
scheduling grants, periodically assigned reference signals
such as CQI-RS, or through the non-synchronous random
access (RACH) mechanism for UEs without scheduling
grants. However, as will be discussed in more detail below,
re-using of the CQI-RSs scheduled in support of UL fre-
quency selective scheduling and/or link adaptation disallows
supporting, alone, a sufficiently large number of UEs in the
synchronized state and the RACH mechanism requires too
much overhead, therefore an additional mechanism is
required to maintain synchronization of a large number of
UEs.

Several hundred UEs are expected to be maintained in
connected mode in a cell to enable fast access to transmission/
reception. However, an out of sync UE in connected mode
will undergo the latency of the contention-based Random
Access (RA) procedure, when, for example, waking up from
a dormant period; whereas UL synchronized UEs can faster
access the spectrum through a contention-free procedure pro-
vided by the (synchronized) scheduling request indicator
(SRI). As a result, the higher the number of UEs maintaining
their UL synchronization, the lower the overall latency to
transmit/receive new data. On the other hand, if the resource
required to maintain UL synchronization results in too much
overhead, the spectral efficiency penalty counter balances the
latency gains. The number of UEs in the UL synchronized
state cannot exceed the number of contention-free UL
resources provided by the scheduling request (SR) procedure.
Embodiments of the present invention provide an efficient
solution to maintain UL synchronization of a large number of
UEs in E-UTRAN with a low overhead.

In at least some embodiments, the assignment of user
devices into the synchronized state and the non-synchronized
state is temporary. For example, upon a successtul request for
uplink resources (also referred to as uplink scheduling grant),
a non-synchronized user device can be reassigned to the
synchronized state and receives a reduced identifier to enable
uplink transmissions and contention-free scheduling
requests. On the other hand, if more than a threshold amount
of time passes without an uplink transmission or a timing
adjustment (TA) command from the base-station, a user
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device in the synchronized state can be reassigned to the
non-synchronized state and the reduced identifier corre-
sponding to the reassigned user device is released. The
reduced identifier can be of any form, e.g. explicit, or also
implicit in the form of a unique physical resource on the
contention-free scheduling request channel.

The basic assumption for managing the transition from UL
synchronized state to UL non-synchronized state is that a
timer in the UE is used to detect out-of-sync. Since both UE
and eNB implement this time out, no explicit signaling is
required from either side to monitor the synchronization state.
It has been proposed (3GPP TSG RAN WG2 #57bis,
R2-071300, “Uplink Synchronization”) that the timer is reset
when the UE receives a new timing adjustment (TA) com-
mand from the eNB. In this case, the timer simply corre-
sponds to the duration beyond which the UE may have moved
away from the UL system time to an extent that UL transmis-
sion on the PUSCH/PUCCH is no longer possible. This solu-
tion provides a simple way for the eNB to control the number
of UEs in UL synchronization state. However, in low speed
cells where the time-out can be large, as discussed later
herein, a finer management of the contention-free SR
resources allocation may require an explicit command from
the eNodeB to the UE to exit the UL synchronization state and
therefore release its reduced UE ID before the time out expi-
ration.

A scheduling request indicator (SRI) is generally used by
UEs that are UL synchronized, have no scheduling grants,
and need to send a scheduling request in order to be granted
resources for use in transmitting data or control information
such as event-triggered measurements. The SRI can also be
used by UEs already having one or more scheduling grants
but need more (or less) UL resources and want to update the
eNB about it. The SRI channel signals a scheduling request
need and potentially provides some preliminary information
but does not give the details of the scheduling request content
which is included in the scheduling request (SR) message on
PUSCH.

When a UE does not have signal and/or channel that need
to bereceived or transmitted, it can go into a low power mode
referred to as discontinuous reception (DRX) and discontinu-
ous transmission (DTX) respectively. New generation net-
works employ Hybrid Automatic Retransmission request
(HARQ) mechanism which requires that downlink and
uplink data transmissions are acknowledged by uplink and
downlink HARQ Indicators (HI) respectively. As a result, any
uplink activity implies downlink activity as well, and vice
versa. Therefore, DRX and DTX are coupled in practice and,
without loss of generality, are referred to as DRX mode. In
this mode, specific intervals are defined in which a transmis-
sion is performed to maintain synchronization and/or report
periodic requested control status (e.g. periodic measurement
reports), but the UE does not perform any transmissions dur-
ing defined silent intervals. The length of the silent interval
may be configured based on the overall activity of the UE.

FIG. 1 shows an exemplary wireless telecommunications
network 100. The illustrative telecommunications network
includes representative base stations 101, 102, and 103; how-
ever, a telecommunications network necessarily includes
many more base stations. Each of base stations 101, 102, and
103 are operable over corresponding coverage areas 104,105,
and 106. Each base station’s coverage area is further divided
into cells. In the illustrated network, each base station’s cov-
erage area is divided into three cells. Handset or other UE 109
is shown in Cell A 108, which is within coverage area 104 of
base station 101. Base station 101 is transmitting to and
receiving transmissions from UE 109. As UE 109 moves out
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6
of Cell A 108, and into Cell B 107, UE 109 may be handed
over to base station 102. Because UE 109 is synchronized
with base station 101, UE 109 must employ non-synchro-
nized random access to initiate handover to base station 102.

While still in cell A 108, UE 109 also employs synchronous
scheduling requests to request allocation of up-link 111 time
or frequency or code resources. If UE 109 has data ready for
transmission, for example, traffic data, measurements report,
etc., UE 109 can transmit a scheduling request indicator sig-
nal on up-link 111. If the SRI is in response to data ready to
transmit, the SRI notifies base station 101 that UE 109
requires up-link resources to transmit the UE’s data. Base
station 101 responds by transmitting to UE 109, via down-
link 110, a message containing the parameters of the
resources allocated for UE 109 up-link transmission along
with a possible timing error correction. After receiving the
resource allocation and a possible timing adjustment message
transmitted on down-link 110 by base station 101, UE 109
(possibly) adjusts its transmit timing and transmits the data on
up-link 111 employing the allotted resources during the pre-
scribed time interval.

On the other hand, while still in cell A 108, UE 109 may not
have any need to transmit or receive data for a period of time
and goes into DRX mode to save power. As will be described
in more detail below, it is beneficial to maintain synchroni-
zation between UE 109 and eNB 101 while UE 109 is in DRX
mode.

Timing Error Tolerance

The timing error tolerance is driven by both the block error
ratio (BLER) performance on PUSCH and the cyclic-shift
multiplexing capacity of the CQI-RS. Simulation results in
3GPP TSG RAN WG1 #49bis, R1-072841, “Simulation of
Uplink Timing Error Impact on PUSCH” show that about
+/-0.5 sec timing error leads, in a worst-case scenario where
adjacent UEs experience opposite timing errors, to less than
0.5 dB loss inuplink BLER performance at 10% BLER point,
and that a full multiplexing of 12 user CQI-RSs per symbol
can be supported without apparent degradation in uplink fre-
quency-scheduled BLER.

Timing Adjustment Period

There are three factors contributing in synchronization
loss: 1) time drift due to UE moving closer to/away from the
eNodeB; 2) multipath birth-death process; and 3) clock drift.
Given a maximum allowed timing error t,,,, the UE motion
leads to a synchronization loss, in downlink (DL), after
elapsed time

3.6XC Xlg
- v

Ar

where c is the speed of light (m/s) and v is the UE speed
(km/h). In uplink (UL), the maximum elapsed time is At/2
because of the round-trip delay.

The multipath birth-death process is analyzed in H. M.
El-Sallabi, H. L. Bertoni, P. Vainikainen, “Experimental
Evaluation of Rake Finger Life Distance for CDMA Sys-
tems”, IEEE Antennas and Wireless Propagation Letters, Vol.
1, 2002. This analysis provides measurements of the life
distance of 1%, 2", etc strongest paths of a UE’s delay profile
in an urban environment. Results show that the 1% path
remains steady across the various used routes, while the life
distances of the 2"¢ and 3" paths vary from few meters to few
tens of meters, which should not affect the UE’s UL timing. In
order to stay on the conservative side, we consider an average
life distance of the 1% path of 100 m. The multi-path delay
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profile (assuming fast fading averaged out) is the same in UL
and DL. Therefore the timing adjustment rate due to multi-
path birth-death process is the same in UL and DL. However,
for low speed UE’s, averaging out the fading would result in
a very long integration interval, which is not possible if we
also want to track other (and faster) timing error sources.
Therefore, the multipath delay profile variation may lead to
different timing corrections in UL and DL at low speeds.

Both receive and transmit chains of the UE are driven by
the UE clock which is assumed to be locked on the DL
received signal with an accuracy of 0.1 ppm, as in W-CDMA.
The integration in time of the frequency error translates in the
same time drift in UL and DL: at most 0.1 us per second. Note
that the time drift resulting from the clock drift is automati-
cally compensated in UL when compensated in DL, assuming
the UL timing is locked on the DL timing. Therefore, the
corresponding TA rate is only for DL.

FIG. 2 is a plot illustrating typical timing adjustment peri-
ods corresponding to various error sources based on speed of
the UE within the cell. For each case, the TA period is
set to 4 of the time period after which the UE’s timing error
exceeds t,,,=0.5 us. At this amount of error the UE is consid-
ered out of sync. As can be observed, the clock drift 202 is the
main driver for (DL) timing adjustment commands (TAs) at
low speeds (below 60 km/h); at higher speeds the round-trip
variation 204 due to UE motion requires the smaller UL TA
period, down to 0.25 s at a speed of 360 km/h. However, even
at low speed, it is a safe assumption to maintain a minimum
UL TA period in the range of 2 s. In the following, the
minimum of the TA period of all timing error sources is used
for dimensioning purposes.

UL Synchronization Maintenance

It would be convenient if the UE could use the drift
observed in DL transmission timing to correct its uplink
timing. The main advantage of this approach is that no par-
ticular UL signal needs to be transmitted to the eNB. How-
ever, as discussed above, the multipath delay profile variation
may lead to different timing corrections in UL and DL at low
speeds. Moreover, different error sources call for difterent UL
corrections; for example, the time drift resulting from the
clock drift does not need an additional correction on top of the
DL correction in UL. However the time drifts resulting from
UE moving closer to or away from the eNB need twice as
much compensation in UL (round-trip) compared to down-
link (one-way trip). Since the UE cannot know the source of
the time drill, it cannot autonomously derive the appropriate
UL correction. Therefore. UL timing adjustment can only be
estimated by the eNB based on the UE’s UL transmission. As
discussed below, both the eNB and the UE can control these
UL transmissions. In the former case, the eNB uses known
UL scheduled transmissions to estimate the UE’s UL timing.
Inthe latter case, the UE autonomously sends event-triggered
TA requests.

Node-B Controlled UL Transmissions for TA Estimation

The Node B can maintain UL synchronization through the
available UL broadband channels: the existing CQI-RS and a
Sync Reference Signal (sync-RS). A limited number of UEs
can be maintained in synchronization using the existing CQI-
RSs already scheduled in support of frequency selective
scheduling (FSS) and link adaptation. Based on the CQI-RSs
distribution over three possible bandwidths (1.25, 5,10 MHz)
depending on the UE geometry, the number of orthogonal
CQI-RS per 4 msec is 48 in a 10 MHz system bandwidth. The
total number of multiplexed CQI-RS UEs can be improved by
considering that a fraction of UEs need to transmit their
CQI-RS at a lower rate (e.g. every 12 ms for distributed/
persistent scheduling) or that a tighter cyclic shift multiplex-
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ing could be achieved based on tracking each UE’s delay
spread. However this would get the number of multiplexed
CQI-RS UEs to less than a hundred in 10 MHz, which could
be sufficient for the group of UEs in the scheduler range, but
not for all other UEs expected to be in the connected mode in
the cell. One analysis suggests there may be 800-1300 UEs
per 10 MHz. As a result, those other UEs that cannot rely on
an existing allocated CQI-RS must have another way for
maintaining their UL synchronization.

FIGS. 3A and 3B are a frequency vs time plots illustrating
a sequence of sub-frames 302 that may contain a periodic
sync-RS used for synchronization of non-scheduled UEs.
Each sub-frame includes a CQI-RS symbol 306, two DM RS
symbols 308, and eleven data symbols 310. For those UEs
without an existing CQI-RS, the eNB allocates a periodic RS,
sync-RS 312, for the purpose of UL synchronization mainte-
nance. In order to provide sufficient timing estimation accu-
racy, the sync-RS bandwidth must occupy at least six resource
blocks (RB) 1.08 MHz. Since the primary purpose of the
sync-RS is UL synch, its bandwidth can be limited to just
provide the targeted TA precision. Therefore, for +/-0.5 us
accuracy, approximately 1 MHz bandwidth is enough. This is
a difference with the CQI-RS which bandwidth requirement
is driven by the scheduling bandwidth which is typically
larger. This allows frequency multiplexing of more sync-RSs
than CQI-RS.

FIG. 3A illustrates one symbol used for CQI-RS 306 in
each sub-frame and a different symbol used for sync-RS 312
in every n™ sub-frame. However, as further discussed below,
both CQI-RS and sync-RS are constructed and multiplexed in
the same manner and only differ by their usage resulting in
potentially different period and bandwidth. Therefore, they
can be multiplexed together in the same OFDM symbol, also
commonly referred to as sounding reference signal (SRS)
symbol. As a result, in another embodiment, a portion of SRS
306 multiplexing space could be used to provide one or more
sync-RS in the same symbol, since each sync-RS only
requires six RBs.

FIG. 3 A illustrates CQI-RS scheduled in the first symbol of
a sub-frame. In another embodiment, the symbol used for
CQI-RS and/or sync-RS transmission can be the last symbol
of'the sub-frame. FIG. 3B illustrates CQI-RS 306-1 and sync-
RS 312 multiplexed together in the same (SRS) symbol being
the last OFDM symbol of the sub-frame.

The current 3GPP standard specifies six RBs for the
PRACH preamble bandwidth, so use of six RBs for the sync-
RS is convenient for implementation. A simple approach
consists in setting the sync-RS period to the maximum TA
rate expected in this cell. The sync-RSs are scheduled in a
symbol not used by a demodulation RS every n sub-frames, as
indicated at 314. Sync-RSs 312-1, 312-2 . . . 312-» and
potentially CQI-RSs 306 are orthogonally multiplexed in an
SRS symbol. Without loss of generality, we denote as an SRS
resource a physical resource allocated to any sync-RS or
CQI-RS in the multiplex scheme of an SRS symbol. SRS
orthogonal multiplexing is done in CDM and in FDM. The
FDM multiplexing can be achieved through either separate
bandwidths or separate sub-carriers or a combination of both.
FDM multiplexing on a sub-carrier basis is also referred to as
interleaved FDM (IFDM) and can be generated e.g. by signal
repetition in time before the DFT precoding or through direct
subcarrier mapping in frequency domain. The resulting fre-
quency-domain signal occupies one sub-carrier every n sub-
carriers where n is the repetition factor (RPF) in the time
domain. The CDM multiplexing is obtained by cyclic shifting
a constant amplitude zero autocorrelation (CAZAC)
sequence or, as further discussed below, a CAZAC-like
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sequence generated e.g. through cyclic extension of a
CAZAC sequence. In one embodiment, four RBs are allo-
cated for the Physical. Uplink Control Channel (PUCCH)
304a,3045. Therefore, assuming RPF=1, seven sync-RSs can
be frequency multiplexed in 10 MHz (50 RBs). The resulting
multiplexing capacity is 12 [cyclic shifts]|x7 [free bins]|=84
per 10 MHz sync-RS symbol.

In this embodiment, every n sub-frame contains a sync-
RS symbol across the entire bandwidth. One data OFDM
symbol is punctured for the sync-RS. The resulting additional
overhead with respect to the eleven remaining available data
OFDM symbols per sub-frame depends on the scheduling
rate of the sync-RSs and is reported in Error! Reference
source not found. As can be seen, even at the higher speed of
360 km/h, only a 0.58% overhead is incurred to maintain 15
1344 UEs in synchronization with the eNB.

TABLE 1

10

The period used for sending the periodic sync-RS may be
determined in a variety of ways. For example, a maximum TA
rate that is expected for the cell may be determined 408 based
on the expected UE speeds within the cell, as discussed with
reference to FIG. 2. In another embodiment, the eNB keeps
track of the speed of each UE individually and sets each UE’s
sync-RS period accordingly.

The bandwidth used for sending the sync-RS may be deter-
mined by the required TA accuracy 410. The sync-RS band-
width is then set to approximately equal the inverse of the
maximum TA accuracy target.

Event-triggered TA Requests

As mentioned previously, there is an obvious correlation
between the rate of DL timing adjustments and the rate of UL
timing adjustments due to UE motion due to time drift and
mullipath birth-death process. Therefore, in high speed cells

sync-RS overhead

UE speed  update Nb of UEs (10 MHz)
(km/h)  period(s) 588 672 756 840 924 1008 1092 1260 1344
3 1.67 0.04% 0.04% 0.05% 0.05% 0.06% 0.07% 0.07% 0.08% 0.09%
60 1.50 0.04% 0.05% 0.05% 0.06% 0.07% 0.07% 0.08% 0.09% 0.10%
120 0.75 0.08% 0.10% 0.11% 0.12% 0.13% 0.15% 0.16% 0.18% 0.19%
250 0.36 0.18% 0.20% 0.23% 0.25% 0.28% 0.30% 0.33% 0.38% 0.40%
360 0.25 0.25% 0.29% 033% 036% 040% 0.44% 047% 055% 0.58%

N . . 30
In order to maintain synchronization, the eNB receives the

sync-RS from each UE and determines a timing error. If the
timing error exceeds a threshold, then a TA command is sent
to the UE that is exhibiting the timing error. In response, the
UE will then add or remove one sample per OFDM symbol
until it reaches the correct timing. Adding can be done by
repeating a sample before Tx filtering.

FIG. 4 is a flow diagram illustrating use of sync-RS sym-
bols for maintaining synchronization of non-scheduled UEs.
As discussed above, the serving eNB of a cell tracks 402 the
scheduled and unscheduled UEs. UEs are moved from the
unscheduled group to the scheduled group when a scheduling
request is received. If a time period passes that exceeds an
agreed upon limit without receiving scheduling request from
a UE with no known scheduling needs, then the UE is moved
from the scheduled group to the unscheduled group.

For UEs within the scheduled group, synchronization is
maintained 404 by sending a TA when itis needed in response
to a scheduled transmission from each UE. The scheduled
transmission may be a CQI-RS, or any sort of data or control
channel transmission, for example.

For UEs within the unscheduled group, the eNB allocates
406 an SRS resource to each corresponding UE to transmit a
periodic sync-RS to the eNB. In response, the eNB sendsa TA
command to the UE if the resulting timing error exceeds a
threshold. In response, the UE will then add or remove one
sample per OFDM symbol until it reaches the correct timing.
Adding can be done by repeating a sample before Tx filtering.
The sync-RS is not transmitted in a symbol slot used for the
demodulation RS (DM RS) in order to avoid interfering with
the transmitted DM RS. Similarly, it is not combined with
data in a data symbol. However, as discussed above, some
embodiments may re-use a portion of any SRS symbol for one
or more sync-RS symbols. By orthogonally multiplexing the
sync-RS in code division multiplexing (CDM) and in fre-
quency division multiplexing (FDM) a large number of con-
tention free sync-RS can be supported with a low amount of
overhead.
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where these sources are the main time drift drivers, it can
make sense to trigger UL TA based on DL TA, e.g. the UE
autonomously sends a request for timing adjustment (TA) to
the Node B when the synchronization loss observed in DL
exceeds a pre-defined timing error threshold. In this case, the
UE sends “on demand” TA update requests. These may be
sent in addition to periodically scheduled synch_RSs used for
maintaining sync, or in some embodiments high speed cells
may be configured to only use autonomous TA update
requests. This approach can be useful in low-speed cells as
well to track sudden path profile variations typically occur-
ring in urban environments (e.g. when UE turns around a
block).

The UE can use the following channels to send TA
requests: Random Access (PRACH), scheduling request indi-
cator (SRI). The PRACH is one possible channel an UL
synchronized UE can use to send TA request’s and its pre-
amble provides means for TA estimation. Also, a TA field is
already provisioned in the RA response in the RA procedure.
However, there is an associated overhead cost due to the
resulting offered load increase. Assuming the current operat-
ing collision probability per UE used in RAN2, p__,,"*=1%
PRACH time-frequency slot (64 signatures) per 10 ms per 5
MHz can handle an offered load of

G=-64 Ln(l-p,,;“%)=0.6432 average Random
Access (RA) attempts per PRACH slot,

which translates into 128 attempts/s in 10 MHz. This load
corresponds to a “normal” expected RA load when the RA is
not expected to be used to maintain UL synchronization.
Therefore, autonomous TA requests will necessarily require
additional PRACH slots. As a result, the RA overhead due to
TA requests is quantified in UL by both the additional
PRACH time-frequency slots required to maintain P,_,"*
and the following message, required for contention resolution
purpose. Assuming this message occupies 1 RB/1 sub-frame,
the load can be derived from the worst-case TA period of the
different timing error sources elaborated with reference to
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FIG. 2. To remain on a conservative side, the overhead impact
of collisions with the RA is not accounted for. The resulting
RA overhead in 10 MHz is illustrated in FIG. SA. It can be
observed that even for low to medium speeds the extra cost for
maintaining UL synchronization of a hundred users is quite
significant.

The scheduling request indicator (SRI) is a contention free
channel that allows UEs to transmit scheduling requests. For
example, the SRI defined in the LTE specifications, “3GPP
TS36.3211v8.2.0, 3" Generation Partnership Project; Tech-
nical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical
Channels and Modulation (Release 8)” as PUSCH format 1 in
Section 5.4.1, allows supporting UEs in a 5 MHz spectrum
assuming a typical SRI provisioning where one frequency RB
(180kHz) is permanently dedicated to SRI transmissions and
the SRIperiod per UE is 10 sub-frames or 10 ms, so as to keep
the average waiting time of a scheduling request to 5 ms.
Given a 5 MHz spectrum occupies 25 RBs, the resulting
constant overhead of this SRI allocation is ¥25=4%.

The narrow bandwidth (1 RB) of the aforementioned SRI
structure disallows the eNB to perform a one-shot TA estima-
tion. Therefore the current SRI procedure, designed to sup-
port conveying new scheduling request from UEs, is aug-
mented as 600 in FIG. 6 to allow requesting a sync-RS
transmission in support of a IA request. As in the regular
scheduling request procedure, the UE sends a contention-free
SRI 601 to inform the eNB that it has a new scheduling
request. Upon SRI detection, the eNB allocates and transmits
to the UE in SRI response 602 some UL resource on the
PUSCH for the scheduling request message 603. The UE
transmits scheduling request message 603 where it informs
the eNB that it actually only needs a TA update (TA request).
Upon decoding the TA request 603, the eNB allocates and
transmits to the UE a sync-RS resource in message 604. The
UE sends a the sync-RS 605 accordingly, which the eNB uses
to estimate the UL timing of the UE. The eNB further sends
back a timing adjustment (TA) 606 to the UE, if needed.

FIG. 7A shows the overhead resulting from the aforemen-
tioned SRI-based TA request procedure 600, where to the 4%
constant overhead of the SR1is added the overhead due to the
TA request message 603 (1 RB/1 sub-frame) and the follow-
ing sync-RS (6 RBs/1 OFDM symbol). As can be observed,
the savings are significant compared to the RA overhead.

In another embodiment, the SRI is sent together with a
contention-based SRS which provides means for both TA and
CQI estimation. An example of the structure of such SRI is
described in the USPTO patent application Ser. No. 11/866,
912 “An Efficient Scheduling Request Channel For Wireless
Networks”. The number of supported UEs in 5 MHz is 512 or
256 depending on whether the procedure is optimized in
support of TA requests or not. As above and unlike forthe RA,
the contention free nature of the SRI makes it unnecessary to
allocate more SRI time frequency slots in support of TA
requests. The only impact of the additional load is the con-
tention increase on the contention-based wideband SR (or
SRS). Therefore, the SRI overhead increase in support of TA
requests can be computed as follows. First compute the per-
cent of SRS colliding UEs based on the TA request load added
on top of an assumed on-going offered load of 0.5 due to
scheduling requests only. Then, distinguish between signal-
ing procedures. As elaborated in the USPTO patent applica-
tion Ser. No. 11/120,50382 “Scheduling Request Usage In
DRX Mode in Wireless Networks”, in one procedure, an SRI
is sent, after receiving scheduled resources a timing adjust-
ment request is made. In an alternate optimized procedure,
the SRI includes an embedded bit of information to indicate
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when only a TA is needed. In this case, the timing adjustment
command is sent by the eNB in response to the encoded SRI.

For the first signaling procedure, the percent of SRS non-
colliding UEs will send a scheduling request message (aka
TA request) similar to message 603 over 1 RB/1 sub-frame
and the percent of colliding UEs will additionally send one
SRS over one symbol. 6 RBs. For the optimized procedure for
TA requests, the percent of non-colliding UEs will not con-
sume any additional overhead and the percent of colliding
UEs will additionally send one SRS over one symbol. 6 RBs.
It should be noted that all additional SRSs resulting from
collisions are accounted separately in the overhead, and fur-
ther optimization would be achieved in practice by multiplex-
ing in CDM and/or FDM some ofthese SRSs in the same time
frequency symbol. However, the overhead results show in
FIG. 7B that the overhead of this SRI with contention-based
SRS, compared to the RA overhead, is within much more
acceptable ranges, and is also lower than the overhead of SRI
600.

In conclusion, the UL synchronization of a large number of
UEs can be achieved through eNB controlled UL transmis-
sions with low overhead. In addition, in order to track sudden
path profile variations (e.g. when UE turns around a block) or
extreme speeds, this scheme can be complemented by
autonomous TA requests triggered at the UE upon observed
DL timing variations. Both the regular and simple SRI struc-
ture and procedure currently defined in the LTE specifications
and the more advanced ones described in the abovementioned
USPTO patent applications can efficiently serve this purpose.
Referring again to FIG. 4, for high speed cells 412 or in cases
of rapid direction change, the UE can determine timing error
based on transmissions received from the eNB in the down-
link. If the error exceeds a threshold, then a TA request is
autonomously sent 414 to the eNB in order to maintain syn-
chronization. The UE may autonomously send TA requests at
a higher rate than the periodic sync-RS in order to better
maintain synchronization with the eNB.

Sync-RS Sequence

The sync-RS sequence is generated as any other SRS
sequence, from a long constant amplitude zero autocorrela-
tion (CAZAC) complex sequence allocated to the UE among
aset of R possible sequences. These sequences are built from
cyclic shifts of a common CAZAC root (or base) sequence,
configured by the eNB.

Well known examples of CAZAC sequences include, but
are not limited to: Chu Sequences, Frank-Zadotf Sequences,
Zadoft-Chu (ZC) Sequences, and Generalized Chirp-Like
(GCL) Sequences. A known set of sequences with CAZAC
property is the Zadoff-Chu N-length sequences defined as
follows

M (k(k+1)

1
a = exp[jZnN( 3 W

o

where M is relatively prime to N, N odd, and q any integer.

The latter constraint on N also guarantees the lowest and
constant-magnitude cross-correlation VN between N-length
sequences with different values of M: M,, M, such that (M, -
M,) is relatively prime to N. As a result, choosing N a prime
number always guarantees this property for all values of
M<N, and therefore maximizes the set of additional
sequences, non orthogonal, but with optimal cross-correla-
tion property. These additional sequences are typically
intended to be used in neighboring cells, so as to provide good
inter-cell interference mitigation.
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The above constraint on the sequence length may not
match the number Nsc of sub-carriers corresponding to the
bandwidth allocated to the SRS. In that case, N is chosen as
the largest prime number smaller than Nsc and the N-length
sequence is extended to a Nsc-length sequence through cyclic
extension. Such resulting sequence is referred to as CAZAC-
like sequence.

SRS resources are orthogonally multiplexed across the
following dimensions: time (sub-frame), frequency resource
blocks, frequency sub-carriers, and sequence cyclic shift.

FIG. 8 is a block diagram of an illustrative transmitter 800
for transmitting a sync-RS. Elements of the transmitter may
be implemented as components in a fixed or programmable
processor by executing instructions stored in memory. Trans-
mitter 800 is used to select and perform the sync-RS trans-
mission as follows. The UE performs selection of the
CAZAC-like (e.g. ZC or extended ZC or zero-autocorrelation
QPSK computer-generated) base sequence using the
CAZAC-like Root Sequence Selector 801. The UE generates
the CAZAC-like (e.g. ZC or extended ZC or zero-autocorre-
lation QPSK computer-generated) sequence using base
sequence generator 802. The eNB provides the UE with an
SRS resource allocation 803 allowing inserting the UE in the
SRS multiplex. This SRS resource index directly or indirectly
defines 804 a cyclic shift value .. The base sequence is then
shifted by cyclic shifter 806 using shift values provided by
cyclic shift selection module 804.

The resulting frequency domain signal is mapped onto a
designated set oftones (sub-carriers) using the Tone Map 808.
The Tone Map 808 performs all appropriate frequency mul-
tiplexing (tone level as well as RB level) according to the SRS
resource allocation 803. The UE next performs IFFT of the
mapped signal using the IFFT 710. A cyclic prefix is created
and added in module 812 to form a final fully formed uplink
signal 714.

FIG. 9 is a block diagram illustrating operation of a eNB
and a mobile UE in the network system of FIG. 1. As shown
in FIG. 9, wireless networking system 900 comprises a
mobile UE device 901 in communication with an eNB 902.
The mobile UE device 901 may represent any of a variety of
devices such as a server, a desktop computer, a laptop com-
puter, a cellular phone, a Personal Digital Assistant (PDA), a
smart phone or other electronic devices. In some embodi-
ments, the electronic mobile UE device 901 communicates
with the eNB 902 based on a LIE or E-UTRAN protocol.
Alternatively, another communication protocol now known
or later developed can be used.

As shown, the mobile UE device 901 comprises a proces-
sor 903 coupled to a memory 907 and a Transceiver 904. The
memory 907 stores (software) applications 905 for execution
by the processor 903. The applications 905 could comprise
any known or future application useful for individuals or
organizations. As an example, such applications 905 could be
categorized as operating systems (OS), device drivers, data-
bases, multimedia tools, presentation tools, Internet brows-
ers, e-mailers, Voice-Over-Internet Protocol (VOID) tools,
file browsers, firewalls, instant messaging, finance tools,
games, word processors or other categories. Regardless of the
exact nature of the applications 905, at least some of the
applications 905 may direct the mobile UE device 901 to
transmit UL signals to the eNB (base-station) 902 periodi-
cally or continuously via the transceiver 904. In at least some
embodiments, the mobile UE device 901 identifies a Quality
of Service (QoS) requirement when requesting an uplink
resource from the eNB 902. In some cases, the QoS require-
ment may be implicitly derived by the eNB 902 from the type
of traffic supported by the mobile UE device 901. As an
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example, VOIP and gaining applications often involve low-
latency uplink (UL) transmissions while High Throughput
(HTP)/Hypertext Transmission Protocol (HTTP) traffic can
involve high-latency uplink transmissions.

As shown in FIG. 9, the transceiver 904 comprises uplink
logic 906. The uplink logic executes instructions that control
the operation of the transceiver. Some of these instructions
may be stored in memory 907 and executed when needed.
When no data is expected for transmission, the uplink logic
places the transceiver in a low power DRX mode. While in
DRX mode, the uplink logic will periodically transmit a
sync-RS as discussed with reference to FIGS. 2-4 to maintain
synchronization with eNB 902. As would be understood by
one of skill in the art, the components of the Uplink Logic 906
may involve the physical (PHY) layer and/or the Media
Access Control (MAC) layer of the transceiver 904.

As shown in FIG. 9, the eNB 902 comprises a Processor
909 coupled to a memory 913 and a transceiver 910. The
memory 913 stores applications 908 for execution by the
processor 909. The applications 908 could comprise any
known or future application useful for managing wireless
communications. At least some of the applications 908 may
direct the base-station to manage transmissions to or from the
user device 901.

Transceiver 910 comprises an uplink Resource Manager
912, which enables the eNB 902 to selectively allocate uplink
PUSCH resources to the user device 901. As would be under-
stood by one of skill in the art, the components of the uplink
resource manager 912 may involve the physical (PHY) layer
and/or the Media Access Control (MAC) layer of the trans-
ceiver 910. Transceiver 910 includes a Receiver 911 for
receiving transmissions from various UE within range of the
eNB.

Uplink resource manager 912 executes instructions that
control the operation of transceiver 910. Some of these
instructions may be located in memory 913 and executed
when needed. Resource manager 912 controls the transmis-
sion resources allocated to each UE that is being served by
eNB 902 and broadcasts control information via the physical
downlink control channel PDCCH, UE that are in DRX mode
may ignore the downlink control information and the eNB
does not expect to receive transmissions from a UE in DRX
mode. However, ifa UE in DRX mode transmits a sync-RS on
the PUSCH, then resource manager 912 performs a timing
analysis of the sync-RS and sends a TA if needed back to the
UE in order to maintain synchronization. If the eNB is serving
a cell with high speed UE or subject to fast channel variations
such as e.g. urban environments (canyon streets), then
autonomous TA requests may also be received from the UE at
a higher rate than the periodic sync-RS, as discussed with
reference to FIGS. 4-8

FIG. 10 is a block diagram of mobile cellular phone 1000
for use in the network of FIG. 1. Digital baseband (DBB) unit
1002 can include a digital processing processor system (DSP)
that includes embedded memory and security features.
Stimulus Processing (SP) unit 1004 receives a voice data
stream from handset microphone 1013a and sends a voice
data stream to handset mono speaker 10135. SP unit 1004
also receives a voice data stream from microphone 10144 and
sends a voice data stream to mono headset 10145. Usually, SP
and DBB are separate ICs. In most embodiments, SP does not
embed a programmable processor core, but performs process-
ing based on configuration of audio paths, filters, gains, etc
being setup by software running on the DBB. In an alternate
embodiment. SP processing is performed on the same pro-
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cessor that performs DBB processing. In another embodi-
ment, a separate DSP or other type of processor performs SP
processing.

RF transceiver 1006 includes a receiver for receiving a
stream of coded data frames and commands from a cellular
base station via antenna 1007 and a transmitter for transmit-
ting a stream of coded data frames to the cellular base station
via antenna 1007. Transmission of the PUSCH data is per-
formed by the transceiver using the PUSCH resources desig-
nated by the serving eNB. In some embodiments, frequency
hopping may be implied by using two or more bands as
commanded by the serving eNB. In this embodiment, a single
transceiver can support multi-standard operation (such as
EUTRA and other standards) but other embodiments may use
multiple transceivers for different transmission standards.
Other embodiments may have transceivers for a later devel-
oped transmission standard with appropriate configuration.
RF transceiver 1006 is connected to DBB 1002 which pro-
vides processing of the frames of encoded data being received
and transmitted by the mobile UE unite 1000.

The EUTRA defines SC-FDMA (via DFT-spread
OFDMA) as the uplink modulation. The basic SC-FDMA
DSP radio can include discrete Fourier transform (DFT),
resource (i.e. tone) mapping, and IFFT (fast implementation
of IDFT) to form a data stream for transmission. To receive
the data stream from the received signal, the SC-FDMA radio
can include DFT, resource de-mapping and IFFT. The opera-
tions of DFT, IFFT and resource mapping/de-mapping may
be performed by instructions stored in memory 1012 and
executed by DBB 1002 in response to signals received by
transceiver 1006.

When no data is expected for transmission, the DBB places
transceiver 1006 in a low power DRX mode. While in DRX
mode, the transceiver is not required to monitor downlink
control message from a serving eNB, nor does it send to the
eNB. While in DRX mode, the DBB will periodically send a
sync-RS to the eNB to maintain synchronization as descried
above with reference to FIGS. 2-4. Also, for cells which are
determined to be high speed cells or urban cells where fast
channel variations are expected, the UE may autonomously
send TA requests at a higher rate than the periodic sync-RS in
order to better maintain synchronization with the eNB.

DBB unit 1002 may send or receive data to various devices
connected to universal serial bus (USB) port 1026. DBB 1002
can be connected to subscriber identity module (SIM) card
1010 and stores and retrieves information used for making
calls via the cellular system. DBB 1002 can also connected to
memory 1012 that augments the onboard memory and is used
for various processing needs. DBB 1002 can be connected to
Bluetooth baseband unit 1030 for wireless connection to a
microphone 1032a and headset 10325 for sending and receiv-
ing voice data. DBB 1002 can also be connected to display
1020 and can send information to it for interaction with a user
of the mobile UE 1000 during a call process. Display 1020
may also display pictures received from the network, from a
local camera 1026, or from other sources such as USB 1026.
DBB 1002 may also send a video stream to display 1020 that
is received from various sources such as the cellular network
via RF transceiver 1006 or camera 1026. DBB 1002 may also
send a video stream to an external video display unit via
encoder 1022 over composite output terminal 1024. Encoder
unit 1022 can provide encoding according to PAL/SECAM/
NTSC video standards.

As used herein, the terms “applied,” “coupled,” “con-
nected.” and “connection” mean electrically connected,
including where additional elements may be in the electrical
connection path. “Associated” means a controlling relation-
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ship, such as a memory resource that is controlled by an
associated port. The terms assert, assertion, de-assert, de-
assertion, negate and negation are used to avoid confusion
when dealing with a mixture of active high and active low
signals. Assert and assertion are used to indicate that a signal
is rendered active, or logically true. De-assert, de-assertion,
negate, and negation are used to indicate that a signal is
rendered inactive, or logically false.
While the invention has been described with reference to
illustrative embodiments, this description is not intended to
be construed in a limiting sense. Various other embodiments
of'the invention will be apparent to persons skilled in the art
upon reference to this description. For example, in another
embodiment the sync-RS may use more or possibly fewer
resource blocks for greater or less accuracy, respectively.
Various schemes may be employed to determine a period for
the periodic sync-RS schedule other than those suggested
herein.
It is therefore contemplated that the appended claims will
cover any such modifications of the embodiments as fall
within the true scope and spirit of the invention.
The invention claimed is:
1. A method for maintaining synchronization in a cellular
network between a plurality of user equipment (UE) in a cell
and a base station (eNB) serving the cell, comprising:
maintaining synchronization of the scheduled UE with the
eNB by sending a timing adjustment (TA) command if
needed in response to receiving a scheduled transmis-
sion from each respective scheduled UE; and

maintaining synchronization of the UE in the DRX mode
with the eNB by allocating a periodic reference signal
(sync-RS) to the UE in the DRX mode and by sending a
respective TA command if needed in response to a
respective sync-RS received from the UE in the DRX
mode.

2. The method of claim 1, further comprising determining
a maximum TA rate expected for the cell, and wherein the
sync-RS period is configured by the eNB to be approximately
equal to the maximum TA rate expected in the cell.

3. The method of claim 1, further comprising determining
a maxi um TA accuracy targeted in the cell, and wherein the
sync-RS bandwidth is configured by the eNB to be approxi-
mately equal to the inverse of the maximum TA accuracy
targeted in the cell.

4. The method of claim 1, wherein the sync-RS is allocated
every n sub-frames in a symbol slot not used by a demodula-
tion reference signal (DMRS) or by data transmission.

5. The method of claim 4, wherein the sync-RSs are
orthogonally multiplexed in code division multiplexing
(CDM), in frequency division multiplexing (FDM), and in
time division multiplexing (TDM).

6. The method of claim 4, wherein the sync-RSs are
orthogonally multiplexed in code division multiplexing
(CDM) and in frequency division multiplexing (FDM) in the
same OFDM symbol with other sounding reference signals
(SRS) used by scheduled UEs.

7. The method of claim 5, further comprising performing
CDM multiplexing of the sync-RS by cyclic shifting a con-
stant amplitude zero autocorrelation (CAZAC)-like
sequence.

8. The method of claim 1, further comprising:

transmitting to a UE in the DRX mode on a downlink (DL)

channel; and

receiving an autonomous TA request from the UE in the

DRX mode in response to a timing variation beyond a
threshold observed by the UE in the DL channel trans-
mission from the eNB.
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9. The method of claim 8 where the timing variation
observed by the UE in the DL channel transmission from the
eNB is a time shift of the received delay profile.

10. The method of claim 8 where the timing variation
observed by the UE in the DL channel transmission from the
eNB is a variation of the delay spread of the received delay
profile.

11. The method of claim 8, wherein the autonomous TA
request is conveyed by a scheduling request indicator (SRI),
on an uplink (UL) channel used to transmit new scheduling
requests.

12. The method of claim 1, wherein the UE and the eNB
communicate via orthogonal frequency division multiple
access (OFDMA).

13. A method for maintaining synchronization in a cellular
network between a user equipment (UE) in a cell and a base
station (eNB) serving the cell, comprising:

placing the UE in a discontinuous reception mode (DRX)

while the UE has no data to transmit;

receiving an allocation from the eNB for a periodic refer-

ence signal (sync-RS);

transmitting the sync-RS to the eNB periodically while in

DRX mode; and

receiving a timing adjust (TA) command, if needed, from

the eNB in response to the sync-RS.

14. The method of claim 13, further comprising determin-
ing a maximum TA rate expected for the cell, and wherein the
sync-RS period is configured by the eNB to be approximately
equal to the maximum TA rate expected in the cell.

15. The method of claim 13, further comprising determin-
ing a maximum TA accuracy targeted in the cell, and wherein
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the sync-RS bandwidth is configured by the eNB to be
approximately equal to the inverse of the maximum TA accu-
racy targeted in the cell.
16. The method of claim 13, wherein the sync-RS is allo-
cated every n sub-frames in a symbol slot not used by a
demodulation reference signal (DMRS) or by data transmis-
sion.
17. The method of claim 16, wherein the sync-RSs are
orthogonally multiplexed in code division multiplexing
(CDM), in frequency division multiplexing (FDM), and in
time division multiplexing (TDM).
18. The method of claim 16, wherein the sync-RSs are
orthogonally multiplexed in code division multiplexing
(CDM) and in frequency division multiplexing (FDM) in the
same orthogonal frequency domain modulation (OFDM)
symbol with other sounding reference signals (SRSs) used by
scheduled UEs.
19. The method of claim 17, further comprising perform-
ing CDM multiplexing of the sync-RS by cyclic shifting a
constant amplitude zero autocorrelation (CAZAC)-like
sequence.
20. The method of claim 13, further comprising
receiving a transmission at the UE from the eNB in the
DRX mode on a downlink (DL) channel; and

transmitting an autonomous TA request from the UE in
response to a timing variation beyond a threshold
observed by the UE in the DL channel transmission from
the eNB.

21. The method of claim 20, wherein the autonomous TA
request is conveyed by a scheduling request indicator (SRI),
on an uplink (UL) channel used to transmit new scheduling
requests.



